Introduction
Supramolecular assemblies are ubiquitous in living systems. The best known example is most probably DNA, wherein simple molecular building blocks are organized into functional structures via a complex network of orthogonal 1 non covalent bonds. 2 In more general terms, biologically relevant supramolecules have been an endless and exciting source of inspiration for designing self-assembled supramolecular polymers with tailored structural, dynamic and functional features. Fortunately enough, the supramolecular toolbox available to address these challenging issues contains a wide variety of noncovalent interactions, varying in directionality and strength, from weak dipole−dipole attractive forces to highly directional hydrogen bonds and strong electrostatic ion−ion and ion-dipole interactions. The unique properties and the main advantages of supramolecular polymers as compared to classical covalent polymers rely on the reversible and dynamic nature of the interactions involved in their construction. This key feature has inter alia opened up exciting opportunities for the development of stimuli-responsive, self-healing or self-adjusting materials. All these aspects have already been covered in many excellent review articles, to which the reader is referred for further information, focusing either on the preparation or on the properties of supramolecular polymers.
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The scope of this review is to point out the strategies which have been implemented to promote the formation of self-assembled supramolecular polymers from cucurbit[n]uril (CB[n]) hosts and viologen guests, used as key building elements. The first part focuses on the inclusion of viologens in CB [n] and provides an overview of the polymeric systems reported in literature involving these two components. The second part is dedicated to the applications of these specific host-guest processes in "soft-material" science, most notably to provide access to vesicles, hydrogels and hybrid nanoparticle-containing systems.
Soluble supramolecular assemblies a. Basics of viologens insertion in cucurbiturils
1,1-Di(hydrocarbyl)-4,4'-bipyridinium salts, best known as Viologens (V 2+ ), 8 exhibit unique redox and chemical behaviors which have proved highly valuable to the construction of functional molecular materials, 9 including for applications in organic electronics, organic batteries and for the development of molecular machines. Viologen derivatives are for instance commonly used as electron poor components in donor-acceptor type host-guest complexes, as seen in Stoddart's works on "blue-box"-based rotaxane and catenanes.
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From an electrochemical point of view, these dicationic compounds are subject to two consecutive Nernstian electron transfers 13 attributed to the successive formation of the cation- 10-12, 15, 16 Cucurbit[n]urils (CB[n]s) represent a specific class of barrel-shaped cavitands made of n glycoluril moieties connected by methylene bridges. 17, 18 They are compatible in size with cyclodextrins, and the nature of their cavity (in terms of solvophobicity) are similar, but .DHN@CB [8] .
b. Rotaxane-like polymers
Many examples of pseudo-rotaxane-like oligomers and polymers incorporating a rod-like guest and cyclic ring-like hosts held together by noncovalent forces are found in literature. 45 The prefix pseudo used here, refers to the absence of stoppers on both ends of the molecular axle, which implies that the CB A variation of this method has been developed to link two identical donor-appended polymers with a bis-viologen spacer (Figure 3b ). In the presence of CB[8], a naphtol-terminated PEG chain (Donor block) and a low molecular weight bis-viologen guest (Acceptor block) were found to form discrete supramolecular DAD triblock copolymers. 53 The authors have also shown that DOSY NMR and solution viscometry can advantageously be used to probe the self-assembly process in aqueous media. 54 The first report on a host-stabilized self-assembled "charge-transfer" polymer built from DAAD-type monomers and CB[8] (Figure 3d ) has been published in 2010 by the group of Zhang. 55 Polymerization of the anthracene terminated building block 13 ( Figure 6 ) was mainly established on the ground of AFM-based single-molecule force spectroscopy, DLS and 1 H NMR experiments. Self-assembly of 13 in aqueous media was moreover found to promote the formation of hydro-gel materials. A similar approach has been developed with an
azobenzene -containing DAAD monomer (azobenzene−viologen−viologen−azobenzene, compound 12 in Figure 6 ). 56 The and cucurbit[8]uril was found to provide access to 2D polymers whose internal pore sizes could be potentially determined by the lenthg of the PEG chain in the DD tecton ( Figure 5 ).
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The morphology of the self-assembled structures was mainly characterized by SEM, TEM, AFM and small angle X-ray scattering. The 2D materials exhibit pliable features resulting from flexible nature of the oligoethylene glycol edges The ability to control the organization of molecules within molecular materials has emerged in the past decade as a major scientific objective that is mainly motivated by exciting foreseeable applications in areas ranging from electronics to medicine. Enormous technological interests are indeed at stake in being able to control and exploit the properties of dynamic self-assembled materials built from monomers and held together by reversible and directional interactions.
The arrangement/organization within supramolecular assemblies built from viologens and CBs can potentially be modulated with chemical, photochemical and electrochemical stimuli. 59 The redox properties of viologens and the ability of CB[8] host to promote the -dimerization of viologen cation radicals 10, 12, 60-63, 64 , 65-67 are particularly suited to this purpose.
-dimers is the commonly accepted trivial denominations designating sandwich-like, multicenter-bonded, dimeric entities featuring sub Van der Waals (VdW) intra-dimer separation distances. In -dimers, the non-covalent "chemical bonding" arises from the orbital overlaps occurring between two identical cation radicals. Another salient feature of -dimers is their metastable character inherent to the weakly stabilizing bonding term that is hardly A similar procedure applied to the star-shaped monomer 6 led to the formation of single layer honeycomb-like 2D networks whose structure was put forward on the ground of AFM, DLS and SAXD data. 71, 72 Here again, addition of CB[8] was only found to improve the efficiency of the self-assembly process relying on the intermolecular -dimerization of the chemically reduced viologen units. It should be mentioned that such 2D supramolecular organic frameworks (SOFs) have been obtained initially from a closely related monomer incorporating viologen-like units wherein each terminal pyridine rings are not quaternized. 73 In the latter case, supramolecular assembly most probably relies on the formation of CB[8]-stabilized charge transfer complexes between two pyridine-pyridinium moities arranged either head to head or head to tail.
Another redox-responsive 2D supramolecular framework has been reported by the group of 
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The authors found that the cyclic self-assembled oligomers produced from 9 and 10 can be 
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Literature gives also a few examples of covalent polymers decorated by pendant peripheral organic groups using the affinity of cucurbiturils hosts for viologens. This approach is illustrated in Figure 11 with a CB[8]-promoted non-covalent grafting of -manosidesubstituted viologens onto a 2-naphtol appended methacrylate copolymer (Figure 11 ). 79 Selfassembly relies here on the formation of a stable host-guest complex between the viologen and naphtalene-based recognition units within the cavity of CB [8] . The authors found that the latter complex, and hence the whole self-assembled system, can be fully dissociated bychemical reduction of the viologen moieties. They also report that the viologen appended polymer can be further self-assembled using the strong affinity of the pendant glycol for lectin (ConA), the formation of a supramolecular cross-linked network being mostly revealed by turbidity measurements. l = 365 nm l = 254 nm CB8
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We have focused in this section on fully soluble stimuli-responsive supramolecular polymers.
Consideration must also be given to responsive assemblies involving formation/dissociation of vesicles or nanoparticle-containing assemblies. These specific studies will be discussed in the following paragraphs concerning dynamic supramolecular materials.
Figure 11. a) Reversible Formation of aviologene/CB[8]-glycopolymer conjugate and b) self-assembly of the glycopolymer with a manose-specific lectin (concanavalin A). 79

Towards dynamic supramolecular materials a. Vesicles
The host-guest ternary complexation between CB[n]s, viologens and amphiphilic molecules can be used to tune the surface properties of cell membrane models.This strategy has been implemented to enhancethe affinity for specific molecules without interfering in the biological functions of the cells. Cavatorta The Z/E photo-isomerization was also shown to trigger the breakdown of the ternary complex and eventually to the disruption of the vesicle (Figure 12 ). ternary complexes yielding ultra-high water content hydrogels. 95 With the aim of developing efficient protein-based therapies, bovine serum albumin and lysozyme have been incorporated in such CB8/viologen-containing ultra-high water content hydrogels. 96 Contrary to the usual behavior encountered with regard to formulations at high concentrations in polymeric substituents, no strong burst release was observed with these high water content gels. Very recently, the same group managed to shape the three-components hydrogel as mono-disperse dehydrated beads using droplet-based microfluidics. In the presence of suitable amounts of CB[8], the beads, charged with fluorescein-tagged dextran during the droplet formation step, act as a model cargo retaining the fluorophore during rehydration and releasing it rapidly upon addition of a competitive guest (1-adamantylamine). 97 Polymerization has also been achieved at the liquid/liquid interface upon formation of ternary complexes involving the viologen-based and diazobenzenepolytopic guests depicted in Figure   15 , and CB8. 98 This supramolecular hyper-branched polymer could be dissociated upon photo-irradiation or addition of a competitive guest. This polymer formed at the surface of water droplets was also found to inhibit their coalescence.
Figure 15 : Chemical structures and schematic representations of CB[8], the ditopic and tritopic monomers (left). Overview of the proposed assembly process forming the supramolecular highly branched polymer (SHP) (left). This SHP can be disassembled in response to either (i) reversible photoisomerisation of the azobenzene, or (ii) introduction of a
competitive guest. 98 Tan and coworkers have recently prepared hydrogels using a highly branched hydrophilic backbone with superior viscoelastic modulus and thermal stability highlighted as a next generation of aqueous polymeric supramolecular CB[8]/viologen assemblies. 99 Their strategy is depicted in Figure 16 : the usual three-components system (CB, donor, acceptor as depicted in Figure 13b ) is replaced by a two-component system where CB[7 or 8] is threaded in polyrotaxanes structures.
Figure 16 : a) Schematic illustration of i) synthesis of the highly branched CB[n]-threaded polyrotaxane (HBP-CB[n]) via a semi-batch RAFT polymerization in the presence of CB[n], ii) chemical structures of its linear analog (LP), and iii) naphthyl-functionalized hydroxyethyl cellulose (HECNp). b) Formation of hydrogel networks through a two-component strategy from HBP-CB[8] polyrotaxane (HBP-CB[8]@HECNp) or a three-component strategy from its linear analog (LP@CB[8]@HECNp). Inset: inverted vial tests for the hydrogel networksfrom. 99 Reproduced from Ref. 99 with permission from John Wiley and Sons.
Strictly speaking, the last two examples discussed below are not based on viologen units but rather on very similar, singly quaternized, structures. At basic pHs, poly(N-(4-vinylbenzyl)-4,4'-bipyridinium dichloride-co-acrylamide forms hydrogels in the presence of CB [8] following the association mode shown in Figure 13a , whereas acidic conditions induce a collapse ofthe 3D-network structure. 100 
c. Films, superlattices and nanoparticles
Self-assembled 1D chains, 2D sheets and 3D superlattices may be produced using viologenbased charge-transferpairs included in CB[n], in a variety of ways, to achieve unprecedented complex sizes, structure-controlled arrays, and films. As a preliminary comment, it should be mentioned that a comprehensive review on nanoparticle arrays, held together by cavitands and host-guest interaction was provided recently by Li and Qi. 102 Another one, concerning applications in medicine and healthcare, was published a few years ago by Zheng and his group. 103 Layer-by-layer assembly (LBL) is a very useful technique to prepare thin films involving ion pairs. The substrate is initially dipped in the cation or anion solution and then in a second solution containing the complementary charged component (Figure 18 a) . This procedure has proved quite efficient to produce very thin and regular alternated charged lamellar materials.
The introduction of CB[n]s allows the preparation of LBL films using solely cationic or anionic polymers. This principle was pioneeredby Ji and his group in 2013 using viologen or indole-substituted poly(ethylenimine). 104 The viologen groups of the first polymer were 
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It is well known that CB[n]s may act as growth regulators during nanoparticle synthesis. 25, 26 They usually bind by adsorption onto the particles surface and prevent the indefinite growth of metals and oxides for example. Trabolsi and his group have used this property to prepare arrays of CB [7] surface-modified magnetic iron oxide nanoparticles using 1,1′-diphenyl-4,4′-bipyridinium(DPV) as a linker between adjacent nanoparticles forming dual host (2:1) ternary caviplexes ( Figure 19 ). The same principle may be used with colloidal polymers based on poly(styrene). The hybrid assemblies may also be dissociated by reduction of the DPV moieties. 105, 106 Using the same approach, a series of micrometer scaled polymers containing particle clusters and arrays has been obtained by Abell and coworkers upon combining viologen-and Figure 22 ). 118 This strategy may be employed to purify peptides containing aromatic donors such as phenylalanine or tryptophan, as demonstrated by Scherman and coworkers, 119 or to prepare surface patterns with functionalized nanoparticles. 118 Surface patterning with nanoparticles may be achieved similarly, using axial ternary inclusion compounds through functionalization of the surface with thiol-appended viologens and CB [8] .
The particles are then attached to the surface by use of electron-donating naphthol pendant groups. 
